Abstract-This paper reports on a Web 2.0 tool that aims to facilitate collaboration in data-intensive biomedical settings. The proposed tool can be viewed as an innovative workbench incorporating and orchestrating a set of interoperable services that reduce the data-intensiveness and complexity overload at critical decision points to a manageable level, thus permitting stakeholders to be more productive and concentrate on creative activities. Through a particular collaboration scenario, we explore various possibilities and challenges of managing biomedical collaboration with the use of the proposed tool.
I. INTRODUCTION
HE field of biomedical research has recently seen a vast growth in publicly available resources. An enormous amount of content already exists in the digital universe, which is characterized by high rates of new information that is being distributed and demands attention. This enables biomedical researchers to have instant access to a great wealth of resources that are critical for supporting their research. As the amount of available resources increases and becomes more specialized, biomedical researchers form teams and seek collaboration with their peers to address complex research questions. Within this context, biomedical research has become increasingly interdisciplinary and collaborative in nature [1] , [2] .
In any case, this collaboration is not without troubles: challenges arise from various problems such as how to store, access, analyze and integrate multiple types of data; or, how to work with multiple databases simultaneously; or even, how to make data accessible and usable to life sciences researchers [3] . At the same time, tools facilitating senseand decision-making by appropriately capturing the collective intelligence that emerges during such collaboration are lacking. Biomedical researchers need such tools to efficiently and effectively collaborate and make decisions by appropriately assembling and analyzing enormous volumes of complex multi-faceted data residing in different sources.
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Nikos different sources. Supporting team collaboration under such circumstances is still considered as a challenging task [4] .
In this paper, we present an innovative Web based tool to enhance collaboration of interdisciplinary teams in the field of biomedical research, with the aim of facilitating sense and decision making in data-intensive situations. The tool aims to support communities of clinical researchers and bioscientists during their scientific collaboration, allowing them to easily examine, reuse and interpret heterogeneous clinicogenomic data and information sources; moreover, to reach decisions for the production of new insightful conclusions, without having to worry about the method of locating and assembling huge quantities of data. The tool is able to support the entire life cycle of biomedical collaboration. To achieve this flexibility, it adopts an incremental formalization approach, whereby a set of loosely coupled resources are gradually transformed into argumentative discourse out of which decisions emerge. The overall idea of the proposed tool is to function as a collective electronic logbook, which captures the assessment of associated resources, the design rationale of related experiments and the justification of the decisions made.
The proposed tool is being developed in the context of an FP7 EU project, namely Dicode (http://dicode-project.eu/), which follows a hybrid approach, in that it exploits and builds on prominent high-performance computing paradigms and large data processing technologies to meaningfully search, analyze and aggregate data existing in diverse, extremely large, and rapidly evolving sources. The services to be developed in the context of Dicode will be tested in real problems from three application areas; one of them concerns clinico-genomic research.
II. MOTIVATING SCENARIO
Consider two researchers, Jim and Alice, aiming to investigate which genes or groups of genes are associated with breast cancer disease. Initially, they create a new collaboration session (logbook), where they exchange ideas related to which data sources to use, based on their own data analysis experience and literature knowledge. They search relevant literature via PubMed (http://www.ncbi.nlm.nih.gov/pubmed) using the appropriate search services. Jim has conducted an initial analysis with some in-house gene-expression datasets; however, his findings were not very encouraging, which was attributed to the small sample size (i.e. number of patients) available. He informs Alice about it and suggests potential solutions. The discussion proceeds and finally, in order to overcome the limited sample size problem, they decide to augment their samples with publicly available gene-expression data derived from the GEO (http://www.ncbi.nlm.nih.gov/geo/) and SMD (http://smd.stanford.edu/) databases.
After deciding what data to use, they keep collaborating in order to discuss how the data will be processed. Both suggest solutions, comment on them, and finally decide to use the normalized data for each platform and the UniGene annotation database (http://www.ncbi.nlm.nih.gov/unigene) to uniformly map all genes. Jim knows that there are particular confounding effects in such kind of analysis and for that reason suggests a specific strategy that would account for these effects. Particularly, they decide to first analyze the integrated dataset using the well-known Significant Analysis of Microarrays (SAM) methodology [5] . This analysis will serve as a baseline to any further analysis they attempt. Jim is also offering to provide all the necessary R scripts (http://www.r-project.org/) for this initial statistical analysis. In addition, they decide to employ model-based data integration methodologies [6] - [8] that have been recently published and claim to perform better than simple data integration techniques [9] .
Some of the models are readily available; however, others need to be coded. Jim offers to write the relevant scripts. Alice, being an experienced programmer, offers to hard code them using parallel programming and various servers available at her department. Parallel and cloud computing will ensure fast results, since they have both agreed that they should apply the selected methodologies to numerous datasets. Their goal is to identify novel or already reported groups of genes associated with breast cancer disease. In addition, they are interested in comparing the findings of the chosen methodologies to those of the simple analysis conducted by Jim. They decided to quantify and check the statistical and biological significance of their results via the DAVID tool (http://david.abcc.ncifcrf.gov/) and the KEGG database (http://www.genome.jp/kegg/pathway.html).
Both researchers can execute the available services and retrieve the results of the invoked tool (e.g. a scatter plot or heatmap plot). Once the results are available, they engage into interpreting the results in terms of the initial research question.
The scenario presented above indicates particular situations where biomedical researchers need to collaborate. Their goals may vary during a collaboration session, ranging from merely sharing resources to brainstorming on available solutions and fostering sense-making to making crucial decisions. Support for collaboration in the biomedical domain require solutions that may easily enable researchers create and maintain private or public workspaces, where the most pertinent information about the problem at hand can be gathered, linked, synthesized and assessed. Through such workspaces, they need to carry out synchronous or asynchronous collaboration to accommodate and elaborate the outcomes of biomedical data mining, get recommendations, identify inconsistencies, spot and repair information gaps, reason about actions etc.
A series of interviews with diverse biomedical researchers have been performed in order to identify the major issues they face during their collaboration practices. These interviews were conducted in the framework of the Dicode project. The issues identified constituted a set of challenges for the foreseen approach, in that the proposed collaboration model and infrastructure must provide the necessary means to appropriately address them. Major issues identified were: (i) management of information overload, (ii) diversity of collaboration modes as far as the protocols followed and the tools used are concerned, (iii) expression of tacit knowledge, (iv) integration and sharing of diverse information and knowledge, and (v) decision making support.
III. THE PROPOSED APPROACH
The above issues bring up the need for development of innovative services that shift in focus from the mere collection and representation of large-scale biomedical information to its meaningful assessment, aggregation and utilization in contemporary collaboration and decision making settings. To address them, our approach builds on a conceptual framework where formality and the level of knowledge structuring during collaboration is not considered as a predefined and rigid property, but rather as an adaptable aspect that can be modified to meet the needs of the tasks at hand. By the term formality, we refer to the rules enforced by the system, with which all user actions must comply. Allowing formality to vary within the collaboration space, incremental formalization, i.e. a stepwise and controlled evolution from a mere collection of individual ideas and resources to the production of highly contextualized and interrelated knowledge artifacts, can be achieved.
In our approach, views constitute the "vehicle" that permits incremental formalization of collaboration. A view can be defined as a particular representation of the collaboration space, in which a consistent set of abstractions able to solve a particular organizational problem during collaboration is available. Our approach enables the switching from a view to another. Each view of a collaboration space provides the necessary mechanisms to support a particular level of formality. The more informal a view is, the more easiness-of-use is implied. At the same time, the actions that users may perform are intuitive and not time consuming; however, the overall context is human (and not system) interpretable. On the other hand, the more formal a view is, easiness-of-use is reduced; actions permitted are less and less intuitive and more time consuming. The overall context in this case is both human and system interpretable. The foreseen collaboration views, along with the functionalities they provide, are as follows:
x Discussion-forum view: In this view, a collaboration space is displayed as a traditional web-based forum, where posts are displayed in ascending chronological order. Users are able to post new messages to the collaboration space, which will appear at the end of the list of messages. x Mind-map view: In this view, a collaboration space is displayed as a mind map, where users can "interact" with the items uploaded so far. The map deploys a spatial metaphor permitting the easy movement and arrangement of items on the collaboration space. In this view, information triage (i.e. the process of sorting and organizing through numerous relevant materials and organizing them to meet the task at hand [10] ) is supported. x Formal view: This view enables the posting of predefined knowledge items. It invokes a set of dedicated scoring and reasoning mechanisms aiming to aid users conceive the outcome of a particular collaborative session [11] .
IV. THE DICODE WORKBENCH Figure 1 presents the main user interface of the Dicode workbench, which comprises the necessary computational and collaborative services that biomedical researchers require to address their research questions. A widget-based approach has been adopted to offer these services. Each widget provides different functionalities. In particular, the section 'Sources' (top left side of Figure 1 ) lists all resources that researchers required to elaborate for their research question. These resources may include, for instance, XML files stored locally and containing biomedical data, references to data retrieval services which fetch data sets from remote repositories, as well as research papers that are considered useful for the question at hand. Selecting one of the items allows team members to retrieve and view the associated data.
The section 'Services' lists computational tools that can be invoked to process data sets and produce results. These services can be, for instance, R scripts, references to Web services or entire applications. Selecting an item in the 'Services' section results in executing the selected service or application. The contents of the sources and services sections can be modified by adding new items or updating existing ones at any time. The section 'Processing results' displays the outcomes of the executed services and may include scatter plots, heatmap plots and descriptive statistics of the analyzed data.
The section 'Experiment Info' displays metadata about the workbench (when it was created, a short description related to the aim of the research, as well as the team members who have access to the workbench). At the center of the Dicode Workbench is the Dicode Logbook, which enables the argumentative collaboration among researchers. Revisiting our motivating scenario, Jim and Alice would initially create a new workbench to support their collaboration. As their initial goal is to accumulate a critical mass of relevant resources, they create a new collaboration workspace (logbook) and may start using it in the 'forumview' (Figure 1 ). The forum view primarily aims to effortlessly collect and share the available resources (without the need to interrelate them). During this collaboration phase, Jim and Alice upload available resources and assess them informally, by briefly commenting on them. When many resources start appearing in the forum view, Jim and Alice may decide to switch to a mind-map view (where they can better manage the numerous resources). In this view, Jim and Alice may organize the available items in more advanced ways and exploit dedicated item types such as ideas, notes and comments (Figure 2 ). Ideas stand for items that deserve further exploitation; they may correspond to an alternative solution to the issue under consideration and they usually trigger the evolution of the collaboration. Notes are generally considered as items expressing one's knowledge about the overall issue, an already asserted idea or note. Finally, comments are items that usually express less strong statements and are uploaded to express some explanatory text or point to some potentially useful.
Multimedia resources can be also uploaded.
All the above items can be interrelated by trouble-free actions. When interrelating items, Jim and Alice may select the color of the connecting arrow and provide a legend describing the interrelationship they conceive. These legends are intentionally arbitrary. The visual cues of the arrows bear well-defined semantics: green arrows declare support, whereas red ones declare opposition. Another visual cue that appears in Figure 2 concerns the colored rectangles that have been created by Jim and Alice to group/cluster related items.
By using the mind-map view, Jim and Alice can transform the resources from a mere collection of items into coherent knowledge structures that facilitating sense making on the available resources. By using the search facilities of the workbench, they are also able to search for relevant literature or data sets, which can be also uploaded on the collaboration logbook. Moreover, resources that Jim and Alice agree that are relevant for their research can be added to the sources section of the workbench. Jim and Alice may need to further elaborate the knowledge items considered so far, and exploit additional functionalities to advance their collaboration towards reaching a decision. Such functionalities can be provided by the formal view that enables the semantic annotation of knowledge items, the formal exploitation of collaboration items patterns, and the deployment of appropriate formal argumentation and reasoning mechanisms (Figure 3) .
While a mind map view aids the exploitation of information by Jim and Alice, a formal view aims mainly at the exploitation of information by the machine. This view provides a fixed set of discourse element and relationship types, with predetermined, system interpretable semantics. In particular, issues correspond to problems to be solved, decisions to be made, or goals to be achieved. For each issue, both users may propose alternatives (i.e. solutions to the problem under consideration) that correspond to potential choices. Positions are asserted in order to support the selection of a specific course of action (alternative), or avert the users' interest from it by expressing some objection. A objection. A position may also refer to another (previously asserted) position, thus arguing in favor or against it. By switching from mind map into formal view, existing item types are transformed, filtered out, or kept "as-is" based on a specific set of rues. These rules take also into consideration the item's visual cues.
The formal view also integrates a reasoning mechanism that determines the status of each discourse entry, the ultimate aim being to keep Jim and Alice aware of the discourse outcome. Jim and Alice can continue their collaboration in this formal view; each time an element is added to the discussion, this triggers the underlying reasoning mechanism which informs the team about the most prominent solution (a detailed description of the reasoning mechanisms appears in [11] ). Using the formal view, Jim and Alice receive active support to make a decision about the most appropriate resources for their research.
V. CONCLUSION
Building on current advancements, the tool described in this paper brings together the reasoning capabilities of the machine and the humans to facilitate scientific collaboration in biomedical settings. The proposed tool may also build a social community that shares scientific workflows between developers, end users and all interested parties.
